The medial patellofemoral ligament (MPFL) is one of the most important stabilizers, preventing lateral dislocation of the patella.
Materials and Methods

Inclusion and Exclusion Criteria
The inclusion criteria were: (1) chronic patellar instability, described as two or more patellar dislocations, with a persistent apprehension sign after a rehabilitation protocol applied for 6 months; (2) closed growth plate; (3) < 20°of Q angle and < 1.3 of patellar height by the method of Insall and Salvati;
12 and (4) tibial external rotation angle of < 8°.
Exclusion criteria were: (1) arthrosis or generalized ligamentous laxity; (2) (5) history of knee surgery; and (6) fracture around the knee.
Patients
In this prospective study, 68 patients with patellar instability were evaluated before and after surgical treatment, which was performed from May 2005 to February 2010. They included 22 male and 46 female patients with a mean age of 21 years (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) at first admission. Median duration of preoperative patellar instability was 12 months (range from 6 months to 3 years).
Surgical Methods
The surgery was performed as previously described, 8, 14 with minor modifications. Briefly, the patient in the supine position was submitted to spinal anesthesia, and was confirmed of patellar instability by knee arthroscopy. Then, orientation and tracking of the patella were recorded from the anteromedial portal site. The semitendinosus tendon was freed through a 2-to 3-cm longitudinal incision near the tibial insertion of the pes anserinus tendon. A 4-to 5-cm incision was made longitudinally 2 cm off the medial aspect of the patella. A bony rim was created on the medial side of the patella, where the MPFL attachment was located. Two suture anchors (GIITM, DePuy Mitek, Raynham, MA) equipped with no. 3 nonabsorbable braided suture were placed into the middle point and superomedial pole of the patella. Afterward, the adductor tubercle was identified at the medial condyle of the femur. The natural MPFL attachment is distal to the tubercle. When proper Kirschner wire (K-wire) placement was achieved with an isometric test using braided suture, from anchors to K-wire, a 7-mm diameter tunnel was drilled over the guidewire. The middle part of the graft was sutured to the anchor at the patella. The graft ends were pulled into the bone tunnel by removing the guidewire through the femoral condyle. Tensioning of the graft was performed according to a realigned patellar tracking throughout the knee's range of motion (ROM). After the patella was manually positioned at the proper location in the femoral groove, the tendon graft was fixed by an absorbable soft-tissue interference screw (BIOCRYL Interference Screw, DePuy Mitek) at 30°of knee flexion (►Fig. 1). Arthroscopy was performed anew to assess patella position in the trochlea, if they were perfectly matched after MPFL reconstruction.
Postoperative Rehabilitation
Immediately after surgery, the knee was placed in a simple leg brace. Straight leg-raising and quadriceps setting exercises were started as soon as tolerated by the patient. The patients walked on a full-extended knee in the first 2 weeks with full weight-bearing. From 2 to 4 weeks, patients exercised with an allowed ROM of 0 to 90°and walked with full weight-bearing. From 4 to 6 weeks, patients exercised with a ROM reaching 120°, and walked with full weight-bearing. After 6 weeks, patients could get full ROM, and free activity was allowed. Individual (e.g., running) and contact (e.g., basketball) sports were allowed after 3 and 6 months, respectively.
Follow-Up and Outcomes Assessment
All patients were assessed at four time points: preoperatively; 6 months and 2 years postoperatively; and at last follow-up (in June 2016). Eight patients were lost after 2 years; there were 60 patients in the last follow-up. Median follow-up was 8 years, ranging from 6 to 10 years. Subjective patient evaluation included activity level and pain, and was performed using the Tegner Activity Scale (TAS), a standardized method for grading work and sporting activities.
15 Kujala scoring was also applied to all patients at each time point. The Kujala score is special for patellofemoral joint assessment, and ranges from 0 to 100, with 100 representing the best value. The Lysholm score, 16 the most commonly used for knee joint evaluation, contains 8 subscores ranging from 0 to 100, with 100 as the best value. The objective physical examination included palpable pain, apprehension signs, and ROM. Complications as delayed union of the incision, skin hypoesthesia, and patellar clicking at knee flexion were considered. Postoperative dislocation was requested immediately, and treatment was decided by an orthopedist. This information was also recorded during follow-up. 
Statistical Analysis
Statistical analyses were performed with the SPSS software version 15.0 (SPSS, Chicago, IL). For comparison, the paired sample t-test and independent sample t-test was used. pValue of < 0.05 was considered statistically significant.
Results
Tegner Activity Scale
Activity level of the patients was assessed by the TAS. Preoperative mean TAS was 2.85 AE 0.78, increased to 4.91 AE 0.84 at 6 months and 7.26 AE 0.78 at 2 years postoperatively, and was 7.82 AE 0.89 at last follow-up. At last follow-up, all patients were completely pain free at rest (►Table 1); 52 patients were pain-free when performing activities of daily living (Tegner level 4) (►Table 1). Meanwhile, 14 patients were pain-free when performing sporting activities (Tegner level 7) (►Table 1). At last follow-up, 45 patients felt that their knee function had improved in terms of activities of daily living (Tegner level 4) comparing to the preoperative point; meanwhile, 46 patients indicated that their ability to perform recreational sports activities had improved (Tegner level 7) comparing to the preoperative point; 18 patients could do regular contact sports (Tegner level 8).
Kujala Score
Preoperative Kujala knee function scores were 57.53 AE 8.59 points (range, 36-79 points), and increased to 61.22 AE 6.46 (range, 42-75 points) at 6 months after operation, 89.51 AE 3.90 (range, 75-95 points) and 88.92 AE 3.84 (range, 73-95 points), respectively, at 2 years postoperatively and last follow-up. Detailed information is provided in ►Table 2 for all time points.
Lysholm Score
The preoperative Lysholm scores is 43.53 AE 10.20 points (range, 23-65 points), and it increased to 58.22 AE 6.80 (range, 42-75 points) at 6 months after operation, 89.37 AE 4.38 (range, 78-96 points) and 89.67 AE 4.13 (range, 80-96 points), respectively, at 2 years postoperatively and last follow-up. Detailed information is provided in ►Table 3 for all time points.
Physical Examination Results
Physical examination included palpable pain, apprehension signs, and ROM. At the last follow-up, palpable pain was found in 8.33% (5/60) and 13.33% (8/60) patients at the medial patellar edge and medial femoral condyle, respectively. There were no positive apprehension signs or passive patellar hypermobility. ROM was 121.44 AE 12.69, 129.71 AE 6.39, 130.93 AE 5.67, and 130.78 AE 5.80 at preoperative point, 6 months, 2 years postoperatively, and at last follow-up, respectively. Fifty-nine patients had a normal ROM of the knee. One patient had loss of hyperextension of the knee, with flexion reduced by 10°compared with the contralateral knee. The detailed data regarding these changes are summarized in ►Table 4.
Complications
There was no intraoperative complication, such as fracture or failure of fixation. The fixation by anchors allowed little bone loss of patella, which allowed avoidance of patella fracture in this series. A major complication was delayed union of the incision in two obese patients, resulting from liquefaction of the subcutaneous fat tissue. They had a secondary closure of the incision. Meanwhile, three patients had skin hypoesthesia on the anterior knee, maybe due to injury of the infrapatellar branch of the saphenous nerve. The area was $6 cm 2 in average. Two patients had patellar clicking at knee flexion of 30; however, it was mild with no interference with daily life activities. No further treatments were applied to these patients. No redislocation was observed, and there was no revision of the reconstruction.
Discussion
To get good long-term clinical results, patient selection and procedure decision is critical. Using combined procedures with MPFL reconstruction is controversial. MPFL reconstruction alone is effective in treating patellar instability, 9 but strict patient selection is very critical for good long-term clinical results. This study included patients with patellar instability and normal alignment of the lower limb, who did not need combined procedures. In our opinion, additional procedures, such as medial tibial tuberosity transfer combined with MPFL reconstruction, are necessary in cases of Note: Data note (a/ Preop, b/ 6 mo, c/ 2 y, d/ Last follow-up). Data comparison: a/b (t large Q angles. Therefore, patients who had grossly abnormal Q angles (lager than 20°) or significant trochlear dysplasia (Dejour type B, C, or D) were excluded from this study. There is also a controversy about the function of lateral release in the treatment of patellar instability. In a normal knee, lateral displacement of the patella causes its lateral edge to become more prominent. This maneuver tightens the lateral retinaculum: a tight band can be palpated. Christoforakis et al
17
found that the patella can be displaced laterally with significantly less force when the knee is near extension. Thus, in the normal knee, the lateral retinaculum is a restraint to patellar lateral displacement. In our opinion, lateral release should be performed only in patients with severe tightness of lateral patellar structures which is called excessive lateral pressure syndrome. The good clinical outcome of this study demonstrated that lateral release is not necessary for patellar instability without excessive lateral pressure syndrome.
To get good long-term clinical results, anatomical double bundle technique may be optimal for MPFL reconstruction. First, ligamentous attachments are critical for anatomical procedures, anatomical insertion is important. Nonanatomical and anatomical techniques are well described previously. [4] [5] [6] [7] [18] [19] [20] Nonanatomical surgical techniques alter the premorbid patella mechanics by several principles. Biomechanical studies have demonstrated that the length change pattern of a MPFL reconstruction depends critically on the attachment site. 21 However, a controversy remains regarding the exact patellar insertion of the MPFL. Schöttle et al 9 inserted it at "the proximal one-third aspect of the patella," while Tang anatomical study by Amis et al. 1 In this study, the two bundles were placed in the superior-medial corner and the center of the medial patella rim according to an anatomical study by Amis et al, 1 rather than the proximal and distal ends of the medial aspect. 8 Second, ligament shape is critical for anatomical procedures too. The MPFL is broader at its patellar attachment than the femoral one, with a sail-like shape with proximal and distal bundles. 1, 23 Single point fixation at the patellar side can increase the rotational moment of the patella in flexion extension movement. The double bundle MPFL better restores the anatomy, avoiding patella rotation. 24, 25 In this study, a laminar attachment is performed on the patellar side, creating a proximal and a distal bundle. This seems to provide a higher stability during flexion, decreasing patellar rotation, unlike the techniques where only a single-point fixation is performed. [26] [27] [28] [29] In the most recent research, the medial quadriceps tendon-femoral 32 But in this study, the author did not attach great importance to MQTFL several years ago. It will be an important consideration in future research. In this study, we found that anatomical double bundle reconstruction of MPFL alone can give a good function of medial stability, and this technique can get good short-term and long-term clinical results. The clinical scores increased rapidly from 6 months to 2 years after the operation, and then keep that level to 10 years, without attenuation. The long-term clinical results were encouraging.
We compare the clinical results to other studies with the same technique 33-39 (►Table 5). All of the studies used the Kujala score, then most of them used the Lysholm score, some of them used the Tegner score. The Kujala score was around 90 at 24 months after operation, similar to our results. During the follow-up time increase, the Kujala score did not change significantly. It was similar to our study too, and the Kujala score can stay around 90 up to 8 years.
A limitation should be mentioned of this study. Follow-up radiographic or arthroscopic data were not available. However, patients typically returned to highest level of activity possible at last follow-up and further imaging or arthroscopy may not be necessary for these patients.
Conclusion
In conclusion, the long-term results of anatomical double bundle reconstruction of the MPFL for chronic patellar instability are effective.
